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Abstract: Thispaper presentsan updateand overview of recently promul gated nitrogen oxides(NO,) regulationsfor large
electricity and industrial combustion units, under Title | and Title IV of the Clean Air Act Amendments (CAAA). It
evaluates the types of NO, control technologies installed under both the Acid Rain Program and Ozone Transport
Commission (OTC) NO, Budget Program, and assessesthe emissionsreductionsattained through theapplication of these
control technologies. The sustained improvements in emission rates achieved by NO, controls, manifest during the first
three years of the Acid Rain NO, Program, have carried over to Phase Il of the OTC. Notwithstanding these technical
achievements, affected sources rely on emissions averaging and allowance trading to attain cost-effective compliance.
Emissionsaver aging isthemost commonly sel ected compliance option under the Acid Rain NO, Program, whilethevolume
of economically significant allowance movement under the OTC atteststo the degree of compliance flexibility afforded by
the cap-and-trade approach.

|. Introduction

Emissions of NO, are associated with avariety of environmental concernsincuding an incresse in ground-level ozone, the formation of
fine particles in the atmosphere, the development of acid rain, and the acidification of aguatic systems. Such concerns have resulted in
aneed to reducetheseemissonsinthe United States. Recently, anumber of Federd and Stateregul atory actions havefocused on reducing
NO, emissions from foss| fud-burning, stationary combustion sources. Section |1 of this paper provides an overview of theregulations
affecting NO, sources, includingthe Acid RainNO, regulations, the OTC NO, Budget Program, revision of the New Source Performance
Standards (NSPS) for NO, emissions from utility and largeindustrial sources, and EPA's Ozone Trangport rulemakings. Section 111 then
provides an assessment of compliance experienceachieved to dateunder the Acid Rain NO, Program and the OTC NO, Budget Program.

Il. Regulatory Overview

The Clean Air Act of 1970 established amgjor rolefor the Federal government in regulating air qudity. The Act wasfurther expanded by
amendmentsin 1977 and, most recently, in 1990. The 1990 Clean Air Act Amendments (CAAA) authorize EPA to establish standards
for anumber of atmosgpheric pollutants, includingNO,. Two mgor portionsof the CAAA relevant to stationary source NO,, control are
Titlel and Title 1V. Title | established National Ambient Air Quaity Standards (NAAQS) for six criteria pollutants, including ozone.
Title IV includes provisions designed to address acid deposition resulting from emissions of NO, and SO, from dectric power plants.
Table 1 presents an overview of the regulatory actions affecting NO, sources.

Table1l. Selected NO, reduction regulationsunder Titlel and IV of the CAAA

Regulatory Action Affected Regions Compliance Date Control NO, Reductions
Period
Titlel OTC NO, Budget 12 States & DC: CT, DE, Phase I1: May 1, 1999 ozone season | 246,000 tonsin
Program ME, MD, MA, NH, NJ, Phase IIl: May 1, 2003 1999, 322,000
NY, PA, RI, VT, VA tonsin 2003
NO, SIP call 22 States & DC: AL, CT, May 1, 2003 ozone season | 1.1 milliontonsin
DE, GA, IL, IN, KY, MD, 2007
MA, MI, MO, NJ, NY,
NC, OH, PA, RI, SC, TN,
VA, WV, and WI




Regulatory Action Affected Regions Compliance Date Control NO, Reductions
Period
Section 126 rule 12 States & DC: DE, IN, May 1, 2003 ozone season | 510,000 tonsin
KY, MD, MI, NJ, NY, 2007
NC, OH, PA, VA, and
AY
TitlelV Acid Rain Program nationwide Phase |: January 1, annual 340,000 tons per
1996 year in Phasel,
Phase II: January 1, 2.06 million
2000 tons/yr in Phase |1
Revised NO, NSPS nationwide July 9, 1997 annual 25,800 tons/yr

1. Titlel NO, Requirements

Titlel of the CAAA included provisions designed to address both the continued nonattainment of the existing ozone NAAQS and the
transport of ar pollutants across State boundaries. These provisions dso dlow downwind States to petition for tighter controls on
upwind States that contribute to their NAAQS nonattainment status. In generd, Title | NO, provisions require areas with an ozone
nonattainment region to: (1) reguire existing major stationary sources to apply ressonably available control technologies (RACT); (2)
reguirenew or modified mgjor stationary sourcesto offset their emissonsand ingtal | control srepresenting thelowest achievableemissions
rate (LAER); and (3) require each state with an 0zone nonattainment region to develop a State Implementation Plan (SIP) that, in some
casss, includesreductionsin stationary source NO, emissionsbeyond thoserequired by theRACT provisonsof Titlel, if neededtoattain
the ozone NAAQS.

Ozone Transport Commission (OTC) NO, Budget Program Section 184 of the CAAA ddinested a multi-State ozone transport
region (OTR) in the northeast and required specific additiona NO, and VOC contrals for dl aress in this region. Section 184 dso
edtablished the OTC for the purpose of assessing the degree of ozone transport in the OTR and recommending drategies to mitigate the
interstate trangport of pollution. The OTR consists of the States of Connecticut, Delaware, Maine, Maryland, Massachusetts, New
Hampshire, New Jersey, New Y ork, Pennsylvania, Rhode Idand, VVermont, partsof northern Virginia, and the Digtrict of Columbia. The
OTR States confirmed that they wouldimplement RACT onmagjor stationary sourcesof NO, (Phasel), and agreed to aphased approach
for additiond controls, beyond RACT, for power plantsand other largefuel combustion sources(Phasell and I11). Thisagreement, known
a the OTC Memorandum of Understanding (MOU) for stetionary source NO, controlswasapproved on September 27, 1994. All OTR
States, except Virginia, are Sgnatoriesto the OTC NO, MOU.

TheMOU egtablishesan emissionstrading system to reducethe costs of compliance with the control requirementsunder Phasel| (which
began on May 1, 1999) and Phase 11 (beginning on May 1, 2003). The OTC program caps summer-season (May 1 - September 30) NO,
emissons for dl thirteen OTC jurisdictions at approximately 219,000 tons in 1999, and 143,000 tons in 2003, which represent
approximately 55 and 70 percent reductions in NO,, respectively, from the 1990 basdline emission level of 464,898 tons! The actud
reductions during the 1999 season, however, reflect participation by only eight of the 13 jurisdictions. This subset includes Connecticut,
Delaware, Massachusetts, New Hampshire, New Jersey, New Y ork, Pennsylvania, and Rhode Idand.

NO, SIPcall Toaddresslongrangetrangport of ozone, in October 1998, EPA promulgated aruleto limit summer seesonNO, emissons
in 22 Northeast States and the Didtrict of Columbia that the Agency believes are significant contributors to ozone nonattainment in
downwind areas (63 FR 57356, October 27, 1998). These States were required to amend their SIPs through a procedure established in
Section 110 of the CAAA. EPA findized a summer-season State NO, budget (in tons of NO,) and developed a State implemented and
Federdly enforced NO, trading program to provide for emissions trading by certain eectric and industrid stationary sources. Each
affected State's NO, budget is based on the gpplication of a populaion-wide 0.15 Ib/mmBtu NO, emission rate for large eectricity
generating units (EGUs) and a60 percent reduction from uncontrolled emissionsfor large non-EGUs. (Control levelsthat EPA believes
are highly cogt effective) TheNO, SIPcdl is projected to reduce summer-season NO, emissions by 1.1 million tonsin the affected 22
Statesand DC. Inresponseto litigation, in May 1999, the U.S. Court of Appedsfor the D.C. Circuit issued aruling that stayed the SIP



submission dates required by the NO, SIP call. In November 1999, the D.C. Circuit heard arguments on the NO, SIP cdll; the Court is
expected to issue an opinion in the spring of 2000.

Section 126 Petitions In addition to promulgating the NO, SIP call, EPA responded to petitions filed by eight northeastern States
under section 126 of the CAA. Thepetitionsrequest that EPA makeafinding that NO, emissionsfrom certain major stationary sources
sgnificantly contribute to 0zone nonattainment problems in the petitioning States. The final section 126 rule requires upwind Statesto
take action to reduce emissions of NO, that contribute to nonattainment of ozone standardsin downwind States (64 FR 28250, May 25,
1999 and 65 FR 2674, January 18, 2000). Thefindings affect large EGUs and both non-EGU boilers and turbineslocated in 12 northesst
States and the Didlrict of Columbia Like the NO, SIP cdl, EPA has findized a Federd NO, Budget Trading Program based on the
application of apopulation-wide0.15 Ib/mmBtuNO, emissonratefor large EGUsand a60 percent reduction from uncontrolled emissions
for largenon-EGUs. Thefina Section 126 actionsisprojected to reduce summer-season NO, emissionsby 510,000 tonsin the 12 affected
Statesand D.C. The compliance deadlineisMay 1, 2003.

2. TitlelV NO, Requirements

TitlelV of the CAAA authorized EPA to establish an Acid Rain Program to reducethe adverse effects of acidic deposition on ecosystems,
netural resources, materids, visihility, and public hedlth. Emissions of SO, and NO, from the combustion of fossi| fuels are important
contributorsto acidic deposition in theamosphere. TitlelV includes provisionsdesigned to addressNO, emissons from existingpower
plants.

Acid Rain NO, Reduction Program Under TitlelV of the CAAA, the Acid Rain Program uses atwo-phased strategy to achieve
the required annud reductionsin NO, emissions. Effective January 1, 1996, Phase | established regulations for Group 1 boilers, which
indude dry-bottom, wall-fired bailers, and tangentialy fired (T-fired) boilers. In Phase |1, which began on January 1, 2000, lower
emissonslimitsare set for certain Group 1 boilers, and regul ations are established for Group 2 bailers, which include cell-burner, cyclone,
wet-bottomwall-fired, and other types of cod-fired boilers. The regulations alow for emissions averaging in which the emissonslevels
established by EPA are gpplied to an entire group of boilers owned or operated by a single company.

Beginning Jenuary 2000, Phase |1 of the Acid Rain Program requires annua average emission rates for most Group 1 boilers of 0.46
Ib/mmBtu for dry-bottom wall-fired boilers and 0.40 Ib/mmBtu for tangentidly fired boilers. Some Group 1 boilers are not affected by
the Phase |1 rates and will continue to comply with the Phase | annua averageemissionratesof 0.50 1b/mmBtu for dry-bottomwall-fired
boilersand 0.45 Ib/mmBtufor tangentialy fired boilers. ThePhasel |l limitsare0.68 Il/mmBtufor cll burners, 0.86 Ilb/mmBtufor cyclones
greeter than 155 MWe, 0.84 Ib/mmBtu for wet bottom boilers grester than 65 MWe, and 0.80 Ib/mmBtu for verticaly fired boilers. Phase
| compliance results for 1996 show that, from 1990 to 1996, the overall NO, emission reductions for the affected boilers tota ed about
340,000 tons, i.e. areduction of 33 percent. InPhasell , goproximately 2.06 million tons per year of NO, reductions are projected to
result from the Acid Rain NO, Program requirements.

Revised NO, New Source Performance Standards (NSPS) UndertheCAA, new power plantsare subject to NSPSthat represent
maximum alowable emission rates and are based upon the best adequatdly demongtrated technology. EPA promulgated arevised NO,
NSPSfor foss| fud-fired utility and industrid boilersin 1998 (63 FR 49442, September 16, 1998). The new standards revise the NO,
emission limits for steam generating unitsin subpart Da(Electric Utility Steam Generating Units) and subpart Db (Industria, Commercid,
Ingtitutional Steam Generating Units) and affect only unitsfor which congtruction, modification, or recongtruction commenced after July
9, 1997. The NO, emission limit in the final rule for new subpart Da units is 201 nanograms per joule (ng/J) [1.6 b/megaweatt-hour
(MWh)] gross energy output regardless of fuel type. For existing sources that become subject to subpart Da through modification or
recongtruction, theNO, emisson limit in thefina rulewas 0.15 [/million Btu heat input. The estimated decrease in basdine nationwide
NO, emissionsis 25,800 tons per year which represents about a 42 percent reductionin growth of NO, emissionsfrom new utility and
industrial steam generating units subject to NSPS. In responseto litigation, in December 1999, the EPA voluntarily remanded the limit
for existing sources subject to subpart Da through modification or reconstruction. The limit for new sources was upheld by the Court.

I11. Compliance Experience

Between 350,000 to 400,000 tons of annual NO, emissions have been reduced under Phase | of the Acid Rain NO, Program, and
approximately 209,000 tons of annual NO, emissions have been reduced by eight States under the OTC NO, Budget Program. (These
reductionsare not additive, since some units are s multaneoudy affected by both programs.) Experience over the past four years provides
ingght into the actua reductions being achieved by the application of different NO, control technologies. This section examines the



compliance options chosen by affected sources, and explores the NO, emissions reductions under both programs.

NO, reduction technologies for boilers can be grouped into two categories: combustion controls and post-combustion controls (see
Appendix A). Combustion controls-- whichinclude operationa modifications, low-NO, burners (LNBs), gas reburning, and overfire air
(OFA) — reduce NO, formation during the combustion process. Post-combustion controls, which include selective catalytic reduction
(SCR) and sdlectivenon-cata ytic reduction (SNCR), reduce NO, after it hasbeenformed. The primary technology currently used to meet
Add Rain NO, Program requirements is LNBs. The OTC NO, Budget Program reguirements are generadly met through a mix of
combustion controls and post-combustion contrals.,

1. Acdid Rain Program Experience

Under the Acid Rain NO, Program, an affected sourceof NO, emissions hasthree compliance options. It can comply by (1) meeting the
goplicableemissionlimit (i.e., achieving an annua averageemissionratelower thanthegpplicableemissionlimit), (2) averagingitsemission
rate with other owned sources to achieve the emission limit, or (3) meeting a less stringent Alternative Emisson Limit (AEL). To be
congdered for an AEL, an affected source must establishthat it usesthereguired NO, control technology designed to meet the applicable
emission limit, that the technology was properly designed, ingtalled and operated, and that the unit is still unable to meet the gpplicable
limit. After reviewing the petition submitted by the source, EPA determineswhether an AEL iswarranted based on analyses of emissions
data and information about the NO, control equipment.

BecausePhase| of the program began on January 1, 1996, thiseva uation isbased on thedatacurrently availablefor 1996 through 1998.234
Table 2 shows the compliance options selected by the affected Phase | sources in each of theyears 1996 through 1998. Thesesdlections
demongtratethat most of the sources complied with the requirements by averaging their emissions. Thus, in generd,, the owners/operators
of affected sources chose to achieve NO, reductions a units where it was technically easier and/or more cogt-effective to do so. The
emissons achieved at these units, when averaged with emissons from uncontrolled units, resulted in compliance with the program
requirements. Also, asseenin Table 2, very few sources needed AEL sto comply with their requirements Thisindicatesthat NO, control
technology applications gppear to be technicaly feasible and operating religbly.

Table2. Compliance options selected by the Phase | sourcesunder the Acid Rain NOx Program

Y ear Number of Affected Number of Sources Choosing to Comply Using:
Sour ces
Emission limit Emissions averaging AEL
1996 239 46 189 4
1997 265 52 204 9
1998 265 51 204 10

Theestimated NO, reductionsachieved through the Acid Rain NO, Program in the first three yearsof implementation areshownin Table
3. Since this program does not set a cap on NO, emissionsin tons, the certainty and pattern of NO, reductions does depend on the
utilization of sources. These NOx emissions reductions range from about 340,000 tons from 239 sourcesin 1996, to 409,321 tonsfrom
265 sourcesin 1997.

Table3. Egimated NO, reductionsfrom 1990 leve achieved by Phase| sources.

Y ear No. of Affected NO, Reduction (tons) NO, Reduction (%) Average NO, Emission
Sour ces from 1990 from 1990 Rate (Ib/mmBtu)
1996 239 340,000 33.0 0.418
1997 265 409,321 31.8 0.412
1998 265 390,254 29.3 0.409




Thereductionin 1998 islower than that in 1997. Moreover, the reductions appear to be decreasing from 33 percent in 1996 to 29.3
percentin 1998. However, the fewer affected sources in 1996 compared to 1997 and 1998, confounds these observations. In order to
examinethese reductionson amore common bass, the average emission rate achieved from these sourcesin theyears 1996, 1997, and 1998
isaso presented. Asseenin thistable, while there was adecrease in NO, emissionsreduction, the average emission rate decreasesfrom
0.418 Ib/mmBtu in 1996 to 0.409 I/mmBtu in 1998. Asexplained inthe EPA's 1998 Compliance Report, this can beatributed, in part,
to greater power generation, as evidenced by increasesin heat input of 3 percent in 1997 and 6 percent in 1998, compared to 1996.

The estimated NO, reductionsin 1998 associated with agiven NO, contral technology are shown in Table 4. For dry bottom, wall-fired
bailers, Phase | units were employing both LNB and LNB with OFA to achieve average emissions rates of 0.45 Ib/mmBtu and 0.47
Ib/mmBtu, respectively. Considering that the average emission ratefor LNB with OFA ishigher than thet for LNB, and thet the reduction
inNO, emission ratesfrom 1990 is greater for LNB with OFA, it appearsthat sourceswith higher uncontrolled emissions employed the
useof LNB with OFA. In addition, the majority of dry bottom, wall-fired unitsthat reported the use of no NO, controls achieved an
overdl reductioninNO, emission ratesfrom 1990 rates. Inthisgroup of uncontrolled units, over haf of the units had areduction of NO,
emission rates generaly between 3 and 15 percent from 1990 rates, a few units had reductions in NOx emission rates gregter than 25
percent, and some units had anincreaseinNO, emission rates. (Note that the NO, control technology information is based on reporting
by sources, and has not been completely verified. Some of the reported uncontrolled sources could represent controlled sources) These
NO, reductions from reported uncontrolled sources that possibly combustion modifications adone are achieving substantial NO,
reductions.

Table4. Phasel NO, reduction compliance choices

NO, Control No. of Boiler 1998 Average NO, NO, Reduction from
Technology Applications Emission Rate 1990 levels
(Ib/mmBtu)
Dry Bottom, LNB 66 0.45 44%
Wall-Fired Units
LNB with OFA 21 0.47 48%
Tangentially LNB 44 0.36 43%
Fired Units
Separated OFA 23 0.37 33%
LNB with separated 23 0.36 45%
OFA

Phase | tangentialy fired units, which are employing LNB, separated OFA, and acombination of LNB and separated OFA, areachieving
an average emission rate between 0.36 Ib/mmBtu and 0.37 Ib/mmBtu with these technologies. Like wal-fired boilers, the grestest NO,
emisson rate reductionsfrom 1990 levelsis achieved with LNB with separated OFA, followed by LNB only, and separated OFA only.
Thus, it appears that units with higher uncontrolled emissions employed the use of LNB with overfired air. In addition, the mgjority of
tangentially fired unitsthat reported using no NO, controlsachieved an overdl reductionin NO, emissionsrates from 1990 rates. Inthis
group of uncontrolled units, some units had an increase in NO, emission rates from 1990 rates, and over hdf of theunitshad areduction
of NO, emission rates generdly between 4 and 19 percent from 1990 rates. Again, these NO, reductions from reported uncontrolled
sourees suggest that possibly combusgtion modifications done are achieving substantid NO,, reductions.

The use of emissions averaging and the actua emission ratesthat combustion controls are achieving indicate that units are comfortably
mexting the annua NO, emissons rates established under Phase | of the Acid Rain Program.  Although emission averaging encourages
sources to achieve more with combustion controls than strictly meeting the annud limit, these Acid Rain results may not represent what
combustion controls are completely cgpable of achieving. A NO, trading program, like that discussed below for the OTC, providesan
economicincentive(saling NO, alowances) for aunit to go well beyond itsrequired annua emissonlimit. Asaresult, theOTC Program
results may provide a better indicator of what performance combustion controls are capable of achieving.

2. OTC NO, Budget Program Experience
Phase 11 of the OTC NO, Budget Program began on May 1, 1999, with the objective of reducing NO, emissonsin twelve northeastern

States to attain the NAAQS for ground-level ozone. Unlike the Acid Rain NO, Program, which uses emissons averaging to esse
compliance with the annual emissions limit, the NO, Budget Program uses inter-facility emissons trading to facilitate codt-effective



compliance with a fixed cap on ozone season NO, emissions. Under this program, an affected source has three primary compliance
options. It can comply by (1) emitting &t alevel commensurate with the unit’s alocation, (2) emitting less than the allocation and either
bankingor sdling surplusalowances, or (3) emitting more than the dlocation and purchasing additiond dlowancesfor compliance. This
section examines how theNO, reductionsweregenerdly achieved under the OTC NOx Budget Program, and exploresthe useof dlowance
markets as a compliance flexibility mechanism.

Compliance Choices In order toassessthe compliance options the sources sd ected, 1990 ozone season emissions were compared to
1999 0zone season emissions for coa-fired OTC Budget sources thet are dso Acid Rain units. Only Acid Rain units were examined
because the 1990 data was readily available for these sources. The estimated NO, reductions associated with a given NO, control
technology for coa-fired unitsinthe OTC NO, Budget Program areshownin Table5. For dry bottom, wall-fired boilers, OTC unitswere
employing LNB, LNB with overfired air, SNCR, and SCR, with ozone season emissions rates ranging from 0.21 lb/mmBtu to 0.41
ImmBtu. As expected, the average 0zone season emission rate was lower for the post-combustion contral technologies, with SCR
achieving the lowest emission rate. In addition, the overdl reductions from 1990 emission rates was greetest for the SCR retrofit and the
least for LNB retrofits. Although the ozone emission rate for the SCR retrofit was 0.21 I/mmBtu, the third quarter emission rate was
0.18 Ib/mmBtu, which might more accurately reflect the emission rate achieved by the SCR that began full operationin July. Sincethe
unit iscomfortably achieving OTC Phasel | requirements, thelevel of reduction achieved by the SCR retrofit may not represent what SCR
is capable achieving. Mogt likely this SCR retrofit will continueto achieve greater NOx reduction oncethethird phase of the OTC trading
program begins.

Table5. OTC NOx Budget Program compliance choices

NOx Control No. of Boiler 1999 Average Ozone NO, Reduction from
Technology Applications Season NO 1990 L evels
Emission Rate
(Ib/mmBtu)
Dry Bottom, Wall- LNB 11 0.41 52%
Fired Units
LNB with OFA 15 0.38 56%
SNCR with LNB? 8 0.35 66%
SCR° 1 0.18 71%
Tangentially Fired LNB 4 0.33 36%
Units
Separated OFA 9 0.31 43%
LNB with separated OFA 21 0.28 59%
SNCR with LNB 3 0.32 56%
Cyclone Units R 2 0.30 80%
Cell Burner Units LNB 4 0.42 69%
Wet Bottom, Wall- SNCR/SCR hybrid with 2 0.65 59%
Fired Units FLGR

2 For 3 units, SNCR began operating in August, 1999.
b Reflects time of SCR operation, which began operation after the start of the ozone season, in July, 1999.

For tangentidly fired boilers, OTC units are employing LNB, separated overfire air, acombination of LNB and overfired air, and SNCR,
withdl control technologies achieving average 0zone season emission rates of 0.28 I/mmBtu to 0.33 IVmmBtu. Like the dry bottom,
wall-fired bailers, the higher NO, emission reductions from 1990 rates is achieved with LNB with over-fired air and SNCR. Thus, it
appears that unitswith higher uncontrolled emissions employed the use of LNB with overfired air and SNCR. For the other category of
bailers (cyclone, cdl burners, and wet bottom, wall-fired), OTC unitsare employing LNB, SNCR/SCR hybrid, and SCR with al control
technol ogies achieving average 0zone season emission rates of 0.30 [lb/mmBtu to 0.65 I/mmBtu. As expected, SCR achieved thelowest
emisson rate and the greatest emission rate reduction from 1990 levels. Again, since the unit is comfortably achieving OTC Phase
requirementss, the level of reduction achieved by the SCR retrofit may not represent what SCR is capable achieving and grester NOx
reduction is expected in the third phase of the OTC trading program.



Furthermore, for al types of units, the mgjority of unitsthat reported the use of no NO, controls achieved overal reductionsin NO,
emission rates of between 13 and 24 percent from 1990, and some units achieved reductions over 30 percent. (It should be noted that
the NO, control technology information is based on sources reporting and isnot completely verified. Some of the reported uncontrolled
sources could represent controlled sources) Again, aswith Acid Rain Program units, these NO, reductions from reported uncontrolled
sources implies that combusgtion modifications aone are achieving substantid NO, reductions.

OTC State Participation WhiletheOTC' smulti-State approachto NO, reductions providessome flexibility for participating States,
the uniformity of certain program elements across the State regulaions ensures that the region-wide reductions occur in a consistent,
enforceablemanner. Thisuniformity hasfacilitated thedevel opment of marketsfor NO, dlowances, with activetrading among participants
during the past two years.®

Under the 1994 OTC NO, MOU, the NESCAUM/MARAMA NO, Budget Task Force developed a“modd” trading rule for Statesin
the OTC to use as atemplate in the development of their own regulations®  Whilethe modd rule was developed as guidance for State
regulatory development, the OTC is State-operated and decentraized by design. States therefore had the option of tailoring individud

program € ements(such asdlocation methodol ogy) tofit State-defined criteria. Thisfeatureof the OTCisanotabledeparturefromEPA’s
prior experienceunder the SO, program, in which the Agency wasresponsiblefor devel oping aset of consstent regulationsfor al affected
sources. Severd State program characteristics are shown in Table 6.

Table6. Program characterigtics of participating OTC States

State | Emissions Limitsfor Affected Units* Allocation Methodology

CT Phase |1: less stringent of 65% reduction or 0.20 |b/mmBtu. « EGU and non-EGU allocation based on heat input
Phase I11: less stringent of 75% reduction or 0.15 Ib/mmBtu. « Annual allocation

DE Phasell: based on either the |ess stringent of a65% reduction or « EGU and non-EGU allocation based on heat input
0.20 Ib/mmBtu; or, the less stringent of 55% or 0.20 Ib/mmBtu « Allowances for 1999-2002 allocated up front

(differentiated by counties).

MA Phase I1: less stringent of 65% reduction or 0.20 Ib/mmBtu. « EGU and non-EGU allocation based on heat input
Phase I11: less stringent of 75% reduction or 0.15 [b/mmBtu « Annual allocation
« Multiple allocation accounts (primary, set-aside, new unit, holding)

NH Phasell: based on the lessstringent of 65% reduction or 0.20 « EGU and non-EGU allocation based on heat input
Ib/mmBtu for specified counties. RACT for all other counties. « Allowances for 1999-2002 allocated up front

Phase I11: less stringent of 75% or 0.15 Ib/mmBtu for specified
counties; less stringent of 55% or 0.20 Ib/mmBtu for all others.

NJ Phase Il: less stringent of 35% reduction or 0.20 Ib/mmBtu. « EGU and non-EGU allocation based on heat input

Phase I11: less stringent of 10% reduction or 0.15 Ib/mmBtu. « Adjustsallocation if theNO, rateisless than the limit

« Additional allocationsto new source, incentive, and source growth reserves
« Annual allocation

NY Phase I - inner zone: based on less stringent of 65% reduction or « EGU and non-EGU allocation based on a consensus process
0.20 Ib/mmBtu; outer zone: 55% or 0.20lb/mmBtu; Northern zone: « Allowances for 1999-2002 allocated up front
subject to RACT.
Phaselll - inner and outer zone: based on less stringent of 75%

reduction or 0.15 Ib/mmBtu; Northern zone: 55%/0.20 |b/mmBtu.

PA Phasel - inner zone: based on less stringent of 65% reduction or « EGU and non-EGU allocation based on heat input
0.20 Ib/mmBtu; outer zone: 55% or 0.20lb/mmBtu. « Allowances for 1999-2002 allocated up front
Phase Il - inner zone: based on less stringent of 75% reduction or

0.15 Ib/mmBtu; outer zone: 55%/0.20Ib/mmBtu.

RI Three of RI'sfour plants are required to meet aNO, emission limit of « EGU and non-EGU allocation based on heat input
9 ppm (~0.03 Ib/mmBtu) and the fourth plant is required to meet an « Allowances for 1999-2002 allocated up front
emission limit of 3.5 ppm (~0.013 Ib/mmBtu).

* “ Percent reduction” refers to reductionsfromthe 1990 State NO, emi ssions baselines, which were established by the OTC Stationary and Area
Source Committee, the U.S. EPA, and industry stakeholders.



Under the conditions of the MOU and the guidance provided by themodd rule, each Stateidentified itsNO, budget sources and alocated
itsdlotment of the budget to the sourcesin the State. These budget sourcesinclude acore group of eectric generating unitswith arated
dectricd output of 15 MWe or grester, and fossil fuel-fired boilers or indirect hest exchangerswith amaximum rated heat input capecity
of 250 mmBtwhour or more. Asde from these requisite budget sources, however, States aso had the option of including other source
categories (i.e., cement kilns, etc.) in the program. Additional stationary sources of NO, emissions, designated as digible by the State,
may choose to opt-in on anindividua basis. Just as gpplicability was prescribed in aconsstent manner, the OTC seasond NO, budget
was developed through a uniform process across al twelve States.” With the exception of banked allowances retired for compliance, the
region-wide ceiling on aggregate emissions cannot be exceaded during the control period; this ensuresthat the environmental objectives of
the program will be achieved. Thereductionsdemanded by the budget, which rely on acombination of combustion and post-combustion
controls, would be subgtantially more burdensome for affected sourcesin the absence of the accompanying trading program.

Emissionstrading Ingght into thelevel and type of alowance trading under the OTC can be gained from data submitted to the NO,
Allowance Tracking Sysem (NATS), which serves as the centrd regigtry of alowances used for compliance with the OTC NO, Budget
Program. While NATS was designed primarily for compliance purposes, the system contains details of al reported private alowance
transfers. By using datareported to the system, the Agency can follow NO, alowance movement among affected and unaffected market
participants. These detailsallow EPA to distinguish between atransfer that isa ditinct trade between separate entities, and onethat is
smply for administrative or accounting purposes. Thisinformation, used to evauate unit-level and aggregate transaction activity, offers
insight to the degree of compliance flexibility afforded to units subject to the program.

Whileannud reconciliation for thefirst 0zone control season did not occur until December 31, 1999, brokerages began to report price data
for early reduction credits (ERCs) consderably earlier. Through 1,271 private dlowancetransactions, atotal of 138,790 NO, dlowances
were transferred between August 1998 and 1999 reconciliation. Figure 1 shows monthly trading volume and transfer activity for all

vintages reported to the NATS over thistime period. Approximately 40% of these NO, alowances were transferred between distinct

economic entities, rather than within asingle operating or holding company. The 543 tranfersthat shifted these 53,563 dlowances are
congidered economicaly significant, and provideanindication of overall allowance market activity 8 Theprevaenceof theseeconomicaly

significant transactions-- with respect to both totd transfersand allowancevolume-- indicatesthat al owancesarenot merely being shifted

across unit accounts within an operating or holding company, but are effectively moving between unaffiliated firms.

Figurel. OTC NO, allowancetransfersand number of transactions®
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* Allowance transfers were reported by brokerages nearly nine months before the first transfer was recorded in EPA's NATS.

Of the economicaly significant volume beginning at the onset of trading, two-thirds of all allowances were purchased by sources of NO,
emissons (utilities, non-utility generators, industria boilers, fuel suppliers and cogeneration facilities) and nearly three-quarters of dl
alowances were sold by sourcesof NO,. The brokerages and power marketerstogether comprised the balance of alowance procurement
or sdles within the market. Of the ten most sgnificant sources as defined by totd sales, two (Merrimack and Somerset) made SCR



ingalationsin the months preceding the program. Together, these two facilities sold 10,384 alowances, nearly 20% of thetotdl.

Trades between digtinct firms are not limited to transaction between utilities. While inter-utility transfers comprise the mgjority of the
NO, dlowance movement, interactionsinvolving other affected and non-affected participants account for 13.3 and 21.7 percent of total
volume, respectively. Specificaly, thesignificant role of non-utility generators (including I ndependent Power Producers, Co-Generators,
andindugtrid facilities) isan early and notable feature of the program. Further, the substantia activity by speculators demongtrates the
rapid entry and significant role of unaffected players. Table 7 shows the number of alowances traded between different categories of

mearket participants.

Table7. Economically significant NO, allowance movement between market participants*

Buyer |

Sell er Broker Fuel Sup. Non-utility Other Utility Total allowances % of Total
Broker 155 200 1984 0 9307 11646 21.7
Fuel Supplier 156 0 0 0 1252 1408 2.6
Non-utility 1931 341 166 9 3288 5735 10.7
Utility 10015 1353 7247 5 16154 34774 64.9
[Total allowances 12257 1894 9397 14 30001 53563

% of Total 22.9 3.5 17.5 0.0 56.0

= Values are the percentage of total economically significant allowance volume, based on the seller.

While the NO, alowance market price index (MP!) for vintage 1999 alowances remained relatively stable between September and
December 1999, the market for * 99's was characterized by wide price swings and considerable valatility during the first nine months of
theyear.® Fluctuations of this magnitude were not anticipated by theengineering or economicforecastsin theintegrated planning moddls,
nor were they experienced during the onset of alowance trading under the SO, program. While acombination of market conditions and
behaviord factorscontributed to the dramatic and unpredictable shiftsinthe 99 dlowanceprice, itislikely the structure of the OTC NO,
Budget Program played arolein fostering voldtility.

In particular, the codlition of twelve jurisdictions enacting unique rules -- each subject to a myriad of State-specific circumstances -
exposed the devel oping alowance market to regulatory and non-regulatory uncertainty. For example, thefindization of severd rulesless
than ayear before implementation -- rather than the timely promulgation of these regulations -- likely caused uncertainty about the fate
of the proposed program dements. The ambiguity reduced the lead time during which firms could test compliance Strategies against the
dlowance market. For thisand other reasons, sources may have turned to last minute alowance purchasing asadternativeto more pre-
emptive compliance Srategies.

Aswiththe last minute findization of severd State rules, questionable participation by severa jurisdictions (including Maryland, DC,
and Delaware) led to sudden shiftsin perceived demand for NO, alowances. Thelitigationin Maryland that stayed PEPCO and BG&E's
participation, for example, reduced anticipated demand by an estimated 25,000 dlowances; the effect of the decision on the market was
an immediate and Sgnificant dedinein the MPI. While uncertainty often accompanies regulatory devel opment, the multi-State codlition
agoproach s, by design, subject to the additiona circumstances affecting each participating State. Since uncertainty spawnsvoldtility, it
isnot surprising that the MPI has fluctuated broadly over the first year of the OTC NO, Budget Program.

Perhaps as a consequence of the added uncertainty under a codition approach, there are indications that sources within the OTC are
increesingly using derivative instruments to manage the substantia risks associated with the volatile allowance prices and tiff
noncompliance pendties. This activity is common in the context of Title 1V’ s Sulfur Allowance Trading Program, dthoughiit developed
dowly during thefirst severd years of trading. While EPA isnot currently in aposition to track or quantify forward market positions
inthe OTC, the use of these ingruments suggests an elevated leve of sophistication by certain sources and brokerages.

IV. Conclusions

The NO, programs under Title | and Title IV have made significant inroads towards emissions reductions in the United States, while
smultaneoudy advancing innovative mechanismsto achievethe mandated reductionsin acost-effectivemanner. Practica experiencewith
the Acid RanNO, ProgramandtheOTCNO, Budget Program, in particular, offersinsghtinto both theNO, control selectionsby sources

and actud unit-level emissions reductions.

Annua improvement in the emission rates achieved by NO, combustion controls, evident during the first three years of the Acid Rain



NO, Program, have continued into the first year of the OTC. Specificdly, reductionsin the average emissonsratesfor tangentialy fired
and wadll-fired boilerswith LNB and LNB with overfireair are observed inthefirst year of the OTC program, relativeto 1998 rates under
the Acid Rain Program. Reductionsby post-combustion controls are a so expected to improve over time, and are predicted to build upon
the recent improvementswith NO, combustion controls. Currently, under the OTC program, SCR is achieving emission rate reductions
between 70 and 80 percent. However, because OTC are comfortably meeting the Phase 1l requirements;, this probably does not represent
what SCR is capable of achieving at these units. Future projections for OTC SCR units estimate NO, emissions reductions over 90
percent ° This projection is corroborated by experience in Germany, where the technology has been achieving NOx reductions grester
than 90 percent *

Under the Acid Rain NO, Program, the certainty and pattern of NO, massreductionsvary from year to year depending on utilizetion by
sources. Whileit offers certain advantages, arate-based control program does not achieve the consstent level of NO, reduction achieved
under afirm budget. The cgp-and-trade gpproach under the OTC provides more certainty regarding the limit on aggregete massemissons
over thelife of the program, regardiess of unit-level emissionsrates. Under both programs, flexihility isafforded through the compliance
mechanism. As expected, utilities have chosen emissions averaging asthe primary compliance option under the Acid Rain Program. The
use of thismechanismreflectsthet, ingenera, NO, reductionsareachieved at unitswhereit istechnicaly easier and/or more cogt-effective
todo so. Inthe OTC, economicaly significant alowance movement is subgtantia despite the early volatility in the market price index.
This substantia volumeimpliesthat high transaction costsdo not inhibit efficient all owance movement between firms. Moreimportantly,
it suggeststhat sources effectively use dlowance trading to meet the emissions reductions across their units.

V. Acknowledgments

The authors wish to gratefully acknowledge the significant contribution by Ravi K. Srivastava, Air Pollution Prevention and Control
Divison, Nationa Risk Management Research Laboratory, U.S. EPA, Research Triangle Park, NC. Wea sothank Peter T rigotis, Clean
Air Markets Division, Office of Atmospheric Programs, U.S. EPA, Washington, DC.

VI. References

1. 1990 OTC NO, Baseline Emission Inventory, Office of Air and Radiation, U.S. Environmenta Protection Agency,
Washington, D.C., July 1995. (EPA-454/R-95-013)

2. 1996 Compliance Report, Office of Air and Radiation, U.S. Environmenta Protection Agency, Washington, D.C., June
1997. www.epa.gov/acidrain/outreach.htm

3. 1997 Compliance Report, Office of Air and Radiation, U.S. Environmenta Protection Agency, Washington, D.C.,
August 1998. www.epa.gov/acidrain/outreach.htm

4, 1998 Compliance Report, Office of Air and Radiation, U.S. Environmenta Protection Agency, Washington, D.C.,
August 1999. www.epa.gov/acidrain/outreach.htm

5. Early reduction credits were traded during the months preceding the alowance dlocations, beginning in December 1997.

6. Northeast States for Coordinated Air Use Management (NESCAUM) and the Mid-Atlantic Regiond Air Management
Association (MARAMA) NO, Budget Modd Rule, January 1996.

7. The NO, budget was established by gpplying the OTC MOU emission reduction targets to each source contributing to the
1990 NO, emissions basdine. The NO, budget was then divided among the dll OTC dtates, which alocated dlowancesto
their respective budget sources

8. Since many alowances are held by brokerages on behdf of acquiring eectric utilities, EPA’ s recordation of the number of

alowancesthat utilities have acquired is, at best, an approximetion.
9. Market priceindex (MPI) is derived by averaging the best bid, best offer, and most recent trades.

10. Public Service of New Hampshire News Rel ease, November 19, 1998.



11. Performance of Selective Catalytic Reduction on Coal-Fired Steam Generating Units, U.S. Environmentd
Protection Agency, June 1997.

12, Status Report on NOx Control Technologies and Cost Effectiveness for Utility Boilers, NESCAUM and
MARAMA, June 1998.

AppendixA. Current NO, Control Technologies

Brief descriptions of commercialy available NO, control technologies for cod-fired éectric utility boilers are presented below. The
first section describes the prevalent technologies and the following section addresses technologies thet are considered to be rdletively
new or advanced.

1. Widdy-Usad NO, Control Technologies

Operational Modificationschange certain boiler operationa parametersto creste conditions in the furnace that will lower NO,
production. Examples are burners-out-of-service, low excess air, biased firing, and optimization software. In burners-out-of-service,
selected burners are removed from service by stopping fuel flow, but air flow is maintained to create staged combustion in the furnace.
Low excessair involves operating & the lowest possible excess air level while maintaining good combustion, and biased firing involves
injecting more fud to some burners (typically the upper burners) to creste staged combustion conditionsin the furnace. Optimization
software isingdled to optimize the combustion process on ared time basis.

Low NO, Burners (LNB) limit NO, formation by contralling the stoichiometric and temperature profiles of the combustion process.
This control is achieved by design features that regulate the aerodynamic distribution and mixing of the fuel and air, resulting in one or
more of the following conditions: (8) reduced oxygen in the primary flame zone, which limits fud NO, formetion; (b) reduced flame
temperature, which limits therma NO, formation; and (c) reduced residence time at pesk temperature, which limitstherma NO,
formation. LNB can typicaly achieve NO, reductions between 30 and 65 percent from uncontrolled levels.

Overfire Air (OFA), aso referred to as air staging, isacombustion control technology in which afraction, 5 to 20 percent, of the
total combustion air is diverted from the burners and injected through ports located downstream of thetop burner level. OFA is
generaly usad in conjunction with operating the burners at alower-than-norma air-to-fue ratio, which reduces NO, formation. The
OFA isthen added to achieve complete combustion. OFA can be used in conjunction with LNBs. The addition of OFA to LNB can
increase the reductions by an additiona 10 to 25 percent.

Natural Gas Reburning (NGR) isacombustion control technology in which part of the main fuel heet input is diverted to
locations above the main burners, thus creating a secondary combustion zone called the reburn zone. In NGR, the secondary (or
reburn) fuel, naturd gas, isinjected to produce adightly fuel rich reburn zone. Completion or overfire air is added above the reburn
zoneto complete burnout of reburn fud. Asflue gas passes through the reburn zone, part of NO, formed in the main combustion
zoneis reduced by hydrocarbon fragments (free radicals) and converted to molecular nitrogen (N,). In generd, NGR is capable of
providing 50 to 60 percent NO, reduction on coa-fired boilers.

Selective Non-Catalytic Reduction (SNCR) isa post-combustion technology in which aresgent (ammoniaor ureg) isinjected
into the furnace above the combustion zone, where it reactswith NO, to reduceit to N, and water. SNCR reections occur inthe
temperature range of 900 to1100EC. In generd, SNCRis cgpable of providing levels of NO, reduction ranging from 30 to 60 percent.

Selective Catalytic Reduction (SCR) isa post-combustion NO, reduction technology in which ammoniais added to the flue gas,
which then passes through layers of acatdyst. The ammoniaand NO, react on the surface of the catalyst, forming N, and weter.
SCR reactions occur in atemperature range of 300 to 400°C. In generd, SCR is capable of providing high levels of NO, reduction,
ranging from 80 to 90 percent.

2. Recent or Advanced NO, Control Technologies®

Fuel Lean Gas Reburning (FLGR), aso known as controlled gasinjection, isaprocess in which careful injection and controlled
mixing of natural gasinto the furnace exit region reduces NO,.. The gasis normaly injected into alower temperature zone than NGR.
Whereas NGR requires 15-20 percent of furnace heat input from gas and requires burnout air, the FLGR technology achieves NO,
control using lessthan 10 percent gas hest input and no burnout air. Lower NO, reductions are achieved with FLGR when compared
with NGR. FLGR has been demongtrated to reduce NO, emissions by roughly 33-45 percent at full load, with less than 7 percent of
the heat input attributed to the reburn fuel.



Advanced Gas Reburning (AGR) adds a nitrogen rich compound (typically ureaor ammonia) downstream of the reburning zone.
Thereburning system is adjusted for somewhat lower NO,, reduction to produce free radicals that enhance SNCR NO, reduction.
AGR systems can be designed in two ways: 1) non-synergistic, which is essentially the sequentia application of NGR and SNCR
(i.e, the nitrogen agent isinjected downstream of the burnout air); and (2) synergigtic, in which the nitrogen agent isinjected with a
second burnout air stream.  To obtain maximum NO, reduction and minimum ammoniadip in non-synergigtic systems, the nitrogen
agent must be injected so that it is available for reaction with the furnace gases within a temperature zone around 1000E C. A test
done on a 285 MW European boiler showed NO, reduction between 50 percent (full load) and 70 percent (46 percent load) with an
ammoniadip of lessthan 8 ppm. A synergistic AGR system was demonstrated on a 105 MW uitility boiler in New Y ork to reduce
NO, emissions by 68-76 percent. However, it could not reduce ammoniadip to less than 10 ppm.

Amine Enhanced Gas Injection (AEGI) issimilar to AGR, except that burn out air is not used, and the SNCR reagent and reburn
fud areinjected to create locd, fuel-rich NO, reduction zonesin an overal fud-lean furnace. Thefud-rich zoneexigsinlocd eddies,
asin FLGR, with the overal furnacein an oxidizing condition. However, the SNCR reagent participates with natural gas (or other
hydrocarbon fudl) in aNO, reduction reaction, which is believed to be different than the reaction that occurs when ammoniaor urea
areusad in SNCR. In SNCR the NO, reduction occursin an oxidizing environment, whilein AEGI the ammoniaor ureaisinjected
into the reducing zone. Prdiminary results a a demonstration plant show approximately 73 percent reduction a about 40 percent
load, 60 percent reduction at 60 percent load, and 30-40 percent reduction at full load.

Hybrid Selective Reduction (HSR) isacombinaion of SNCR and SCR that is designed to provide the performance of full SCR
with sgnificantly lower cogs. In HSR, an SNCR system is used to achieve some NO, reduction and to produce a controlled amount
of anmoniadip that is used in adownstream in-duct SCR reector for additiona NO, reduction. A test done with this hybrid system
showed 95 percent NO, reduction with lessthan 5 ppm ammoniadip and 55 percent reagent utilization.



